INTRODUCTION
In the current era of multi-drug resistance, in which microorganisms (i.e., viruses, bacteria, fungi, and parasites) are gaining resistance to many antimicrobial agents, it is becoming very difficult for health care workers to treat patients, leading to severe morbidity and mortality. Because the process of drug discovery and clinical trials of new antimicrobial drugs takes a long time, only a few new agents have recently been approved and are available for use. The emergence and spread of microorganisms resistant to multiple antimicrobial agents (so-called 'superbugs'), due to mutations in the pathogens and overuse of antimicrobials, should be considered as a cause for serious concern. Methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enterococci, Staphylococci, and Streptococci, bacteria possessing New Delhi metallobetalactamase genes coding for resistance, carbapenem resistance in many bacteria colonizing the gastrointestinal tract, and bacteria present in the environment (Pseudomonas spp. and Acinetobacter spp.) are some of the pathogens that cause infections that are difficult to treat. Mechanisms of bacterial resistance include alteration or inactivation of the antibiotic, modification of the target site of the antibiotic (e.g., penicillin-binding proteins), alteration of a metabolic pathway to avoid the disruptive effect of the antibiotic, reduced accumulation of the drug by increasing its pharmacokinetic balance towards clearance, and the secretion by bacteria of substances inhibitory to antibiotics (e.g., beta-lactamases, carbapenemases, etc.) [1] [2] [3] [4] [5] [6] .
Physiochemical properties of nanomolecules antimicrobial agents are widely used in human and veterinary medicine, as well as in water treatment and in the food (preservative) and textile industries. Nanomolecules can be used as an alternative to conventional antimicrobial agents and can also act as carriers for antibiotics and other drugs. Nanomolecules can be synthesized from polymers, lipids, and metals [7, 8] . Nanoparticles are nano-sized molecules (usually less than 100 nm in diameter) with a large surface area to volume ratio, which helps them to easily penetrate bacterial cells. There are numerous chemical structures of nanomolecules: they can be functionalized fullerenes (composed of carbon in the form of a hollow sphere, ellipsoid, or rod shape) or water-insoluble carbon nanotubes; liposomes (made of phospholipids or other surfactants arranged in a halo-shaped lipid bilayer); metal oxide nanoparticles; polymeric micelles (synthesized from amphiphilic polymers such as poly[ethylene glycol]-b-poly[ε-caprolactone] polystyrene); dendrimers (highly symmetric, branched, large complex molecules); nano shells (dielectric core surrounded by a metal coat); polymeric nanospheres (spheres of micron size); nanobins; quantum dots (semiconductors with unique optical and electrical properties); superparamagnetic iron oxide nanoparticles (SPIONs) (nanomolecules with a magnetic core coated with polysaccharides, polymers, or monomers); and polymer-coated nanocrystals (stable forms of nanomolecules). Commonly used elements in nanomolecules include gold, silver, copper, zinc, nickel, titanium, mag nesium, aluminium, silicon, iron, calcium, and yttrium [9] [10] [11] .
Fullerenes and functional carbon nanoparticles are used as vehicles for drug delivery and in the treatment of cancer by photothermal ablation. Liposomes are another type of nanomolecule that can carry both hydrophilic and hydrophobic molecules used in the treatment of tumours and infectious diseases. Polymeric micelles are used to deliver drugs that are water insoluble, such as amphotericin B, used for the treatment of fungal infections. Polymeric nanospheres are used to detect cancer cells. Dendrimers, quantum dots, SPIONs, and nanoshells are applied in imaging technology as well as for drug delivery in cancer treatment [10, [12] [13] [14] .
MODE OF ACTION OF NANOMOLECULES
Nanoparticles possess unique physical, chemical, electronic, electrical, mechanical, magnetic, thermal, dielectric, optical, and biological properties. Metal oxide nanoparticles are of great interest for use as potential antimicrobial agents because of their unique optical, electronic, and magnetic properties. The electrostatic interaction of nanoparticles with negatively-charged bacterial surfaces draws the particles to the bacteria and promotes their penetration into the membrane. A strongly positive zeta potential of a nanoparticle promotes nanoparticle interactions with cell membranes leading to membrane disruption, bacterial flocculation, and a reduction in viability. The generation of reactive oxygen species is also a mechanism of nanoparticle antibacterial activity [10, 15] .
Further mechanisms of action of nanoparticles as antimicrobial agents include disrupting deoxyribonucleic acid during the replication and cell division of microorganisms, compromising the bacterial membrane integrity via physical interactions with the microbial cell (the physical presence of a nanoparticle most likely disrupts cell membranes in a dose-dependent manner), and releasing toxic metal ions and possessing abrasive properties which bring about lysis of cells.
NANOMOLECULES IN MEDICINE AND RESEARCH
The applications of nanomolecules in medicine have recently been evaluated in reports highlighting the in vitro antimicrobial activities of nanoparticles, the use of nanomaterials in the production of implants that inhibit microbial colonization, and the possible potential adverse effects of nanomolecules on human health and the environment.
Recent studies have revealed that nanomolecules have excellent biocidal properties to eliminate Salmonella typhi and can eradicate cancer-promoting Cyanobacteria and algae (Microcystis aeruginosa) from the environment [16, 17] . In the era of the emergence and spread of microorganisms that are multi-drug resistant, the potential antimicrobial activity of gold and silver nanomolecules should be considered as a positive indication of the utility of nanoparticles as antimicrobial agents [18] . A recent report has noted the potential of silver nanomolecules against bacteria [19] . Metal oxide nanoparticles of zinc (ZnO), copper (CuO) and iron (Fe2O3) were studied for their antimicrobial activities against both Gram-positive bacteria (Staphylococcus aureus and Bacillus subtilis) and Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia coli). This study revealed that ZnO nanoparticles demonstrated greatest antimicrobial activity against both Gram-positive and Gram-negative bacteria and that iron oxide nanomolecules showed the least antimicrobial potential [20] . The antibacterial and antifungal activities of ZnO nanoparticles were reported recently by Chitra et al. [21] , who found that ZnO was effective against both food pathogens (E. coli and P. aeruginosa) (100 µL) and Aspergillus niger (400 µL) at varied concentrations. This study emphasized the utility of nanoparticles in the food packaging industry. The synthesis of nanoparticles from plant sources (green synthesis) has been an emerging field of nanoscience in the recent past. The activity of nanomolecules prepared from Allium species such as ginger and garlic, with silver as the metal (AgNO3), showed antimicro-bial activity against common bacterial pathogens such as E.coli, Proteus spp., Klebsiella spp., Staphylococcus spp., Enterobacter spp., Bacillus spp., and Pseudomonas spp [22] [23] [24] [25] .
A report of the synthesis and characterization of cellulose nanocrystal nanocomposites (CNC) applying Fourier transform infrared, ultra violet visible, X-ray diffraction, transmission electron microscopy, and thermogravimetric analyses revealed that CNC preparations of zinc oxide nanoparticles had greater antimicrobial activity against pathogenic bacteria like S. aureus and Salmonella choleraesuis [26] . Biogenic nanoparticles are nanomolecules naturally synthesized by the bacteria present in the environment. A very recent report demonstrated that selenium and silver nanomolecules are produced by bacteria isolated from coal mines, and that such nanoparticles have been observed to have antibacterial activity against bacteria including E. coli, Klebsiella spp., Pseudomonas spp., and S. aureus [27, 28] . Antiparasitic activity of sulphur nano particles has also been reported in the literature, suggesting that sulphur nanomolecules were effective against nematode parasites and were not toxic to human cells [29] . Water treatment with polyacrylamide-doped magnetic iron oxide nanoparticles has shown encouraging results related to antimicrobial activity against potential bacterial pathogens, signifying the utility of nanomaterials in the purification of drinking water sources [30] .
Nanoparticles have potential for external uses as antibacterial agents in surface coatings on various substrates and prosthetic devices to prevent microorganisms from attaching, colonizing, spreading, and forming bio-films on indwelling medical devices [31, 32] . Silver-implanted titanium with a nano-structured surface was evaluated to be a good material for dental implants, due to its antimicrobial properties and osteogenic effect [33] . A recent research report on the preparation of antimicrobial denture acrylic from polymethyl methacrylate loaded with platinum nanoparticles revealed that the combination nanopreparation showed a better anti-adherent effect than bactericidal activity at a given concentration (> 50 mg/L) [34] . A recent study evaluated the anti-tumour potential of biosynthesized gold nanoparticles on human breast cancer cell lines [35] . Finally, a very recent study has observed that stem cells treated with SPIONs can be used to treat patients suffering from cerebral ischemia or stroke [36] .
Although nanomolecules have great potential in the future to become alternatives to antimicrobial agents and to provide the means for effective strategies for drug delivery in treating cancers and serious infections, the local and systemic toxic complications and the deleterious effect they have on beneficial bacteria in humans may be a cause for concern [37, 38] . The deleterious effects of metallic nanomolecules on the environment have been studied previously, and it was found that nanoparticles released into the environment have a potentially toxic effect on microbes that are beneficial to humans [39] . Most studies have not conclusively evaluated the exact mechanism by which nanomolecules contribute to toxic complications. It has been hypothesized that the physicochemical characteristics (small size, large surface area, metal ions) that confer nanoparticles with antimicrobial properties could also lead to toxic effects in humans. Nanoparticles have the ability to spread throughout the body, cross the blood-brain barrier, and cause haemolysis, and may result in degradation products which have toxic effects and influence blood coagulation pathways. It has been observed that the larger the nanoparticle, the greater is the risk of adverse health effects [40] [41] [42] [43] [44] . Although nanoparticles have the potential to be used in the preparation of antimicrobial agents and carrier molecules for drug deliveries, previous reports have noted that they produce toxic hazards to the environment and human health [45, 46] . Research is necessary to clearly understand the interaction of nanomolecules with living cells, the extent of their distribution in the human body, and their specific organ toxicity.
CONCLUSION
The available literature clearly supports the idea that nanoparticles are potential candidates to be used as antimicrobial agents. Nanomolecules can be used as anti-biofilm coats on medical devices which are used as implants in humans. Nanoparticles can be used as vehicles to enable the effective entry of antibiotics into microorganisms. Target-specific killing of tumour cells while sparing healthy human cells in the process of cancer chemotherapy is another significant application of nanomolecules. The greatest disadvantage of the usability of nanoparticles appears to be their potentially toxic side effects at higher concentrations. Further studies are warranted to improve knowledge of nanomaterials and their potential use in various fields, including and not limited to medicine, agriculture, veterinary medicine, food science and technology and environmental sciences.
